Available publications provide little evidence pertaining to assessment of foot shape in children with intellectual disability. The aim of this study was to assess the parameters of foot shape in children and adolescents with intellectual disability and to evaluate the relationship between the degree of disability and these parameters.
Background
Intellectual disability is defined as a developmental disorder with deficits in adaptive behaviors associated with insufficient or incomplete development of intellectual capacities [1] . Children with intellectual disability present with significant differences in body posture compared to their normally developing peers. Individuals in this group more often have contractures of the hip and knee and abnormal spinal curvatures in the sagittal and frontal planes, as well as lower-limb disorders. Defective positioning in the areas of the torso, pelvis, and extremities is a predictor of lateral curvatures of the spine [2] . Another interesting issue is that of altered foot shape in children and adolescents with intellectual disability. Undoubtedly, in terms of both anatomy and biomechanics, the foot is a complex structure, contributing to stable stance, ability to walk, and effective transfer of force through the lower extremities. Any changes affecting foot function can negatively impact the condition of body segments located above, starting with their abnormal development and ending with altered body posture [3] . Therefore, risk assessment related to the incidence of defective foot shapes in children with intellectual disability remains an important issue.
Research has shown that developmental delay in motor control is closely linked with intellectual disability. Children and adolescents with intellectual disability display functional deficits in various domains; for instance, they present with balance-and gait-related impairments and have serious difficulties maintaining proper posture in standing position [4] [5] [6] [7] . Furthermore, it has been demonstrated that individuals in this group present with worse muscle strength than subjects with no disabilities [8] ; therefore, many individuals with intellectual disability have behaviors and lifestyles that involve significantly lower levels of physical activity. Sedentary lifestyle and lack of sufficient exercise may in turn lead to foot deformation [9, 10] ; therefore, it is important to determine whether the above factors affect foot shape, leading to flat foot deformity. There are few reports on foot shape of individuals with intellectual disability. Currently available publications provide a variety of data pertaining to postural defects in children with intellectual disability. There is evidence showing that postural defects related to feet and knees dominate among children and adolescents with intellectual disability, linked with Down syndrome, and the most common problems include flat feet and knock knees [11] [12] [13] . It has also been suggested that there is no relationship between the degree of intellectual disability and flat feet in adolescents with Down syndrome [14] . However, some authors reported that individuals with intellectual disability significantly more often are have postural defects associated with the spine, and to a lesser degree with defects in lower limbs, and they report that worse intellectual disability is associated with greater potential for deficits in body posture [2] . In view of the above, the purpose of the present study was to assess the parameters of foot shape in children and adolescents with intellectual disability, and to examine the relationship between the degree of disability and the relevant foot parameters.
Material and Methods

Participants
The assessment was carried out in a group of 90 subjects 7-15 years of age (mean age, 11.49±2.3 years), including 45 individuals diagnosed with intellectual disability (study group) and 45 subjects with normal intellectual development, matched for age (control group). The measurements were carried out in a special education school and in a primary school in the Podkarpackie Region, Poland. The entire group consisted of 39 girls (43.3%) (21 in the study group and 18 controls) and 51 boys (46.7%) (24 in the study group and 27 controls). The study group comprised 28 subjects (62.2%) with mild disability and 17 subjects (37.8%) with moderate disability. Informed consent for the children's participation in the study was obtained in writing from their parents or legal guardians. The study was approved by a local Bioethics Commission and was conducted in accordance with the World Medical Association's Declaration of Helsinki on human research. Inclusion criteria were: children with mild and moderate intellectual disability, attending a special school. Exclusion criteria were: severe intellectual disability and lower-extremity injury. The basic anthropometric characteristics are presented in Table 1 .
Examination protocol
The subjects' foot shapes were assessed using photogrammetry method (a CQ-ST apparatus manufactured by Electronic System, Poland). The examination was performed by means of a podoscope using the procedure described by the manufacturer. The methodology makes use of visible light and is absolutely non-invasive. The study was performed between September and November 2016. Before scans were performed, the subjects were asked to remove their shoes and socks. Then, they were asked to step into a square in front of the panel of the device. Following the examiner's instructions, the child stepped into position on the podoscope, with the weight distributed evenly on both legs. The room was darkened during the examination. The analyses took into account: foot length (DL), foot width (SZ), foot length-to-width ratio (Wejsflog index) (DL/SZ) representing proportions of the foot, GAMMA angle representing the transverse arch of the foot (GAMMA), Clarke's angle corresponding to the longitudinal arch of the foot (CL), angle of hallux valgus (ALFA), and angle of varus of the fifth toe (BETA) (Figure 1 ). Analyses of foot shapes took into account the normative for r-right foot value and l-left foot value proposed by Kasperczyk and Wejsflog [15, 16] . Clarke's angle (CL) in a normal foot ranges from 42° to 54° and in a flat foot it is up to 30°; low arch ranges from 31° to 41° and high arch starts from 55°. Wejsflog index (i.e., foot length-to-width ratio) should be 3: 1, and its value is generally 2-3 [15, 16] . It is assumed that values approximating "2" reflect defective foot shape proportions, and those closer to "3" indicate perfect foot shape proportions. It was assumed that a value exceeding 2.5 represented normal foot proportions. The normal angle of the hallux valgus (ALFA) and varus of the fifth toe (BETA) is 0°-9°, the normal angle of the hallux varus is 0°-(-9°) (ALFA), and the normal GAMMA angle (GAMMA) is up to 18°, with higher values corresponding to transverse flat foot.
Statistical analysis
The acquired data were subjected to statistical analyses using Statistica 10.0 (StatSoft). The variables were examined with parametric tests and non-parametric tests. The choice of parametric test depended on the fulfilment of its basic assumptions (i.e., goodness of fit between distributions of the relevant variables and normal distribution), which were verified using the Shapiro-Wilk W test. Assessment of differences between the mean level of numerical characteristics in the 2 populations was performed using the t test for independent variables or with the non-parametric Mann-Whitney U test. Analysis of variables associated with qualitative data was carried out using the chi-squared test. Statistical significance was assumed at p<0.05.
Results
Initially, 52 intellectually disabled children were qualified for the study. However, the research was completed by only 45 children: 7 children failed to attend the examination and 3 children gave up due to excessive fear. Ultimately, the study involved 45 children. The control group was quantitatively matched with the study group. Analysis of foot shapes, taking into account Clarke's angle (CL), did not show statistically significant differences in the shape of the longitudinal arch in the right (p=0.548) or in the left foot (p=0.223) between the study and control groups ( Table 2) .
Analysis of Wejsflog index showed that the mean value of the relevant parameter in the study group was 2.75±0.27 for the right foot and 2.69±0.38 for the left foot, whereas the mean value of Wejsflog index in the control group was 2.71±0.18 for the right foot and 2.70±0.29 for the left foot. The mean value of Wejsflog index did not differ significantly in the 2 groups for the right (p=0.336) or the left foot (p=0.961) ( Table 3 ).
The identified GAMMA angle parameters made it possible to determine the number of feet with normal shape and the number of feet with symptoms of pathology in the study and control groups. The findings showed no statistically significant differences in the number of normal feet or those with abnormalities, either right (p=0.651) or left (p=0.899), between the study group and the control group. Normally-shaped right feet were identified in 16 (35.6%) subjects from the study group and in 19 (42.2%) controls. Right feet with high transverse arch were identified in 20 (44.4%) subjects from the study group and in 20 (44.4%) controls. Right transversely flat feet were found in 9 (20.0%) children in the study group and in 6 (13.3%) controls. Left feet with normal shape were observed in 19 (42.2%) subjects in the study group and in 17 (37.8%) children in the control group. Left feet with high transverse arch were identified in 20 (44.4%) subjects in the study group and in 21 (46.7%) controls. Left transversely flat feet were found in 6 (13.3%) subjects in the study group and 7 (15.6%) controls.
The obtained ALFA angle parameters made it possible to identify the rates for normally-shaped big toes, hallux valgus, and hallux varus in the study and the control groups. There were no statistically significant differences in the number of hallux varus, hallux valgus, and normally-shaped big toes, either right (p=0.750) or left (p=0.367), between the 2 groups. Normal right big toe shape was identified in 23 (51.1%) subjects in the study group and in 26 (57.8%) controls. Normallyshaped left big toes were found in 16 (35.6%) subjects in the study group and 21 (46.7%) controls.
Analysis of BETA angle made it possible to identify the number of normally-shaped fifth toes, as well as the number of valgus and varus deformities of fifth toes, in the study group Table 5 . Comparison of feet parameters in the study group, relative to the degree of disability.
n -number of observations; c _ -arithmetic mean; Me -median; SD -standard deviation; t* -result of Student's t-test for independent variables; U -result of Mann-Whitney test; p -probability level; DL -foot length; SZ -foot width; DL/SZ -foot length-to-width ratio (Wejsflog index); ALFA -angle of hallux valgus; BETA -angle of toe varus; GAMMA -gamma angle reflecting transverse arch of foot; CL -Clarke's angle for longitudinal arch of foot; p -right foot; l -left foot. and in the control group. The findings show statistically significant differences in the number of right fifth toes with normal shape and varus deformity (p=0.029) in both groups. A normally-shaped right fifth toe was found in 16 (35.6%) subjects in the study group and 7 (15.6) controls. A normally-shaped left fifth toe was identified in 7 (15.6%) children from the study group and in 6 (13.3%) controls. In the left toes, there were no statistically significant differences between the groups (p=0.688) ( Table 4) .
Analysis of the data related to degree of disability and the examined parameters showed statistically significant differences related to DL r (p=0.006), DL l (p=0.004), DL/SZ r (p<0.001), DL/SZ l (p<0.001), GAMMA r (p=0.028), and GAMMA l (p=0.006) among the mildly and moderately intellectually disabled children from the study group. The DL r, DL l, DL/SZ r, and DL/SZ l parameters were higher in the children with mild disability, while GAMMA r and GAMMA l were higher in children with moderate disability. The remaining parameters did not significantly differ among the children in the 2 groups (Table 5) .
Analysis of differences in the relevant parameters within the study group and the control group showed statistically significant differences in the parameters DL r (p=0.024), DL l (p=0.046), SZ r (p=0.010), and BETA r (p=0.002) among children in the study group and the controls. All of these parameters were higher in the children from the control group (Table 6 ). Table 6 . Comparison of foot parameters in the study and control groups.
n -number of observations; c _ -arithmetic mean; Me -median; SD -standard deviation; t* -result of Student's t-test for independent variables; Z -result of Mann-Whitney test; p -probability level; DL -foot length; SZ --foot width; DL/SZ -foot length-to-width ratio (Wejsflog index); ALFA -angle of hallux valgus; BETA -angle of toe varus; GAMMA -gamma angle reflecting transverse arch of foot; CL -Clarke's angle for longitudinal arch of foot; p -right foot; l -left foot.
Discussion
In recent years, more and more studies have focused on assessment of body posture in children with intellectual disability [1, 2, 4, [10] [11] [12] [13] [14] [17] [18] [19] [20] . Some publications have discussed foot shapes in children and adolescents with intellectual disability associated with Down syndrome [11] [12] [13] [14] , but there are few reports related to parameters of longitudinal and transverse foot arch in children and adolescents with intellectual disability treated globally, without differentiation into specific disease entities [2, 10] . This observation inspired the present study.
The findings of the present study acquired during analysis of foot shapes, based on Clarke's angle, did not show statistically significant differences between the study group and the controls in the longitudinal arch shape of the right (p=0.548) or left foot (p=0.223), but low-arched and high-arched feet were more common in the study group than in the controls, and healthy foot shapes were more often found in the children from the control group. Similarly, the obtained values of Wejsflog index showed normal transverse foot arch in the children from both the study and the control group. No significant differences between the groups were identified in this parameter in either the right (p=0.336) or left foot (p=0.961).
Analysis of GAMMA and ALFA angles also did not show any significant differences in the number of normal feet and feet with abnormalities, either right (GAMMA p=0.651, ALFA p=0.750) or left (GAMMA p=0.899, ALFA p=0.367), identified in the study group and in the controls. However, assessment of BETA angle showed significant differences between the groups in the number of right fifth toes with valgus deformity, normal shape, and varus deformity (p=0.028). Analysis of relationships between the degree of disability and these parameters showed that right foot length (p=0.006) and left foot length (p=0.004), as well as Wejsflog index for the right (p<0.001) and left foot (p<0.001), were significantly higher in children with mild disability, and GAMMA angle, reflecting the transverse angle in the right (p=0.028) and left foot (p=0.006), was significantly higher in children with moderate disability.
Similarly, Przysada et al. focused on assessing the prevalence of foot abnormalities in children with intellectual disability. These authors investigated the relationship between the degree of intellectual disability and the type of foot defects, and compared shapes of the right and the left foot in children with intellectual disability. The study examined 66 subjects with various levels of intellectual disability, aged 7-15 years. Foot arch was examined using plantoconturography method. Foot deformities were found in a significant majority (80%) of the subjects, with comparable rates identified in girls and boys. Children with moderate and severe disability were more likely to have flat feet (53%) and low-arched feet (40%), and were less likely to have with high-arched feet (7%). In the group of children with mild disability, the percent distribution of these deformities was similar. High-arched feet were found in 33% of the subjects with abnormal longitudinal arch. No correlation was found between the degree of intellectual disability and the type of foot deformity. Differences in the structure of the right and left foot were only found in the longitudinal foot arch, which was linked with fallen left-side longitudinal arch in 64% of the subjects with foot deformity [10] . Body posture in subjects with intellectual disability was also assessed by Momola and Czarny, who studied a group of 201 subjects, aged 12-18 years, presenting with severe intellectual disability. The assessment focused on body posture in frontal and sagittal plane, as well as position of the lower limbs; the latter was examined for defects such as knocked knees, bow legs, low-arch foot, flat foot, and flat foot with valgus deformity. Morphological structure of feet was examined using plantographic method. The authors demonstrated that intellectually disabled children tend to present with poor body posture. In the entire group, regardless of the degree of disability, only 7.7% of boys and 7.1% of girls had good body posture, while the remaining subjects had poor posture or posture-related defects, and 65.5% had bad posture. The authors also reported that postural defects were significantly more often associated with the spine, and less frequently with the lower limbs. Most of the boys and girls, with either moderate or severe disability, presented with abnormal lateral curvatures of the spine. However, abnormalities in the lower limbs, including foot deformities, were found in 44.4% of the boys and in 61.9% of the girls [2] . Momola also assessed body posture and foot shapes in a group of girls with mild or severe intellectual disability. The study group consisted of 426 girls, ranging in age from 8 to 18 years. Foot shapes were assessed using plantograms. The author showed that most of the severely disabled girls (over 45%) had flat feet and poor body posture, while the girls with moderate intellectual disability had better body posture; however, flat feet were identified in over 36% of these subjects [19] . Our findings in the present study are consistent with those reported by the above authors. Analysis of foot-related body posture shows that a greater degree of intellectual disability tends to coincide with a higher proportion of defective foot shape and with lower transverse arch. Similar issues were investigated in a study by Kuzdzal et al., who assessed body posture in a group of 108 intellectually disabled students, aged 11-13 years, confirming that children with intellectual disability frequently present abnormalities in body posture [18] .
In the present study, children with Down syndrome accounted for 6.66% of the study group. It has been reported that musculoskeletal impairments related to the feet are a serious challenge for young people with Down syndrome, affecting their daily functioning and mobility [21, 22] . According to Lim et al., foot deformities and flat feet are common in this group of patients. The authors examined foot structure in 50 subjects with Down syndrome, age 5-18 years (mean age 10.6 years). They reported flat foot, hallux valgus, and lesser toe deformities in 76%, 10%, and 12% of the subjects, respectively [11] . Pau et al. assessed the main parameters related to foot-ground interaction in standing position, as well as age-related evolution of feet in young people with Down syndrome. The study was conducted in a group of 99 children with Down syndrome, aged 6-11 years (mean age 9.7 years), as well as 99 healthy controls matched for age and sex. The examined factors included rearfoot, midfoot, and forefoot contact area, the overall foot-ground contact area, and average contact pressure.
The acquired values were compared to those identified in the control group. The authors found higher average contact pressure in the midfoot and forefoot in the children with Down syndrome, confirming the widespread incidence of flatfoot deformity linked with hypotonia and ligamentous laxity in this group of patients [13] .
The present study has shown significant differences in the basic parameters defining foot structure (i.e., foot width and length) between subjects with intellectual disability and the control group. Length of the right (p=0.024) and left foot (p=0.046), as well as width of the right foot (p=0.010), were significantly greater in the control subjects. These findings are consistent with numerous studies reporting differences in foot length, and, more specifically, short foot length, as a diagnostic marker of Down syndrome [23] [24] [25] , but in the present study, children with Down syndrome constituted only 7% of the study group.
In summary, the above considerations show that the results of the present study do not confirm findings available in the literature, as our findings suggest there are no statistically significant differences in foot shapes between children and adolescents with and without intellectual disability. Therefore, to verify these findings, it will be necessary to conduct further research involving a larger group of subjects and designed to additionally assess foot shape in children and adolescents with severe intellectual disability.
Our study shows tendencies in the changes of parameters reflecting foot architecture in individuals with a disability; these findings enable quick and accurately targeted preventive and corrective action. It has been determined that worse intellectual disability is associated with decreased proportions in foot shape and lower transverse arch. Therefore, rehabilitation treatments designed for individuals with disabilities should particularly focus on the forefoot and include exercises aimed at increasing the height of the transverse arch.
Conclusions
Our study did not find statistically significant differences in most of the examined parameters of foot shape in the children and adolescents from the study group and control group. Only the BETA angle-based measure showed statistically significant differences in the number of right fifth toes with normal shape and varus deformity between the 2 groups. Moreover, a significant relationship was found between the degree of disability and the examined foot parameters. Right and left foot length, as well as Wejsflog index, for the right and left foot were significantly greater in the group of children with mild disability, and the GAMMA angle of the right and left foot was significantly greater in the group of children with moderate disability. Significant differences between the subjects with intellectual disability and the control group were identified in the basic parameters defining the foot structure (i.e., foot length and width).
